The presence of free-floating hyperechogenic material within the amniotic fluid in close proximity to the uterine cervix (Figures 1 (cover) and 2 and Videoclips S1 and S2) has been described previously in women with an episode of preterm labor1, in women with a history of preterm delivery or threatened preterm labor2, and in asymptomatic women at risk for spontaneous preterm delivery in the mid-trimester of pregnancy3. We have proposed the term amniotic fluid 'sludge' to refer to this sonographic finding and provided evidence that 'sludge' is an independent risk factor for impending preterm delivery, histological chorioamnionitis and microbial invasion of the amniotic cavity in patients with spontaneous preterm labor and intact membranes1. Moreover, amniotic fluid 'sludge' has been identified in asymptomatic women at risk for spontaneous preterm delivery in the mid-trimester of pregnancy and is also an independent risk factor for preterm prelabor rupture of membranes (PROM) and spontaneous preterm delivery3. To determine the nature of amniotic fluid 'sludge', the material collected under sonographic guidance was examined under the microscope and microbiological studies were performed.
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Case report
A 31-year-old woman, gravida 5 para 2, with a history of a sonographic short cervix at 25 weeks (8 mm), was admitted at 27 + 2 weeks of gestation because of cervical dilatation (2−3 cm) and bulging membranes. Transvaginal ultrasound revealed a cervical length of 0 mm and the presence of amniotic fluid 'sludge' in the portion of the amniotic sac protruding into the cervical canal ( Figure 2 and Videoclip S2). A transabdominal amniocentesis to rule out intraamniotic infection/inflammation was performed and the amniotic fluid not used for diagnostic tests was used for research purposes. This was done in accordance with an institutional review board-approved protocol and the patient provided written informed consent at the time of enrollment, prior to the collection of the amniotic fluid samples. The amniotic fluid glucose concentration was 25 mg/dL, white blood cell count was 1 cell/mm3 and Gram stain was negative for bacteria. Amniotic fluid microbial cultures (for aerobic and anaerobic bacteria, genital mycoplasmas and viruses) were negative. Ten days later, the patient complained of cramping and was found to be in labor and dilated (8 cm) with the membranes prolapsed into the vagina. During the course of labor, the diagnosis of clinical chorioamnionitis was made based on the presence of fever, fetal tachycardia and a maternal white blood cell count of 15 600 cells/mm3. The decision was made to augment labor with oxytocin and to perform an amniotomy. After the membranes were cleaned with 10% povidone-iodine (Scrub Care®, Cardinal Health, IL, USA) a needle amniotomy was performed using an 18-gauge spinal needle and the amniotic fluid 'sludge' was aspirated under transabdominal ultrasound guidance. The gross characteristics of 'sludge' are displayed in Figure 3 Collectively, these findings suggest that amniotic fluid 'sludge' can be an indicator of microbial invasion of the amniotic cavity and inflammation based on a markedly high amniotic fluid white blood cell count (19 650 cells/mm3, of which 95% were neutrophils). Several details of this case are noteworthy. First, the amniocentesis performed at the time of admission revealed no evidence of microbial invasion of the amniotic cavity or intra-amniotic inflammation. Yet, the second amniotic fluid sample obtained 10 days later, when sludge was retrieved, presented a completely different picture: there was evidence of severe inflammation detectable by the naked eye and infection by microscopic examination. The amniotic fluid was cloudy, thick and similar to pus. The amniotic fluid white blood cell count was markedly elevated and the cultures were positive for bacteria. What does thismean? The patient might have developed a new intraamniotic infection during the 10 days that had elapsed between the first amniocentesis and the retrieval of the amniotic fluid 'sludge'. Alternatively, it is possible that the amniotic cavity is compartmentalized so that a sample of the upper compartment (close to the uterine fundus) may not represent the microbiological and inflammatory state of the lower compartment. Indeed, previous studies conducted by our group have indicated that the amniotic fluid concentration of prostaglandins 4 and cytokines/chemokines is higher in the lower compartment (which is in close proximity to the cervix) than in the upper compartment 5,6 . The precise nature of the particulate material and why it is formed in a fluid cavity are also interesting. Microorganisms are not generally visible unless they form large colonies and this is considered unusual in the amniotic cavity. It is possible that progressive infection induces an intense inflammatory response and that the combination of microorganisms and the inflammatory cells (in this case, neutrophils) leads to the formation of the particulate material observed by sonographic examination. Previously, ultrasound has detected particulate material in the amniotic cavity 7-10 which has been attributed to the presence of meconium 7 or vernix 8 . Free-floating particulate matter has also been described in cases of excessive desquamation of the skin in congenital ichthyosis11. Material that appears similar to what we have called amniotic fluid 'sludge' has been attributed to a blood clot in the amniotic cavity by others 12 , although there is no published evidence that this is the case. Kusanovic et al.3 report in this issue of the Journal that amniotic fluid 'sludge' may be observed in asymptomatic patients at risk for spontaneous preterm delivery in the mid-trimester of pregnancy and that such a finding is a risk factor for subsequent spontaneous preterm delivery, preterm PROM, microbial invasion of the amniotic cavity and histological chorioamnionitis. We propose that the detection of amniotic fluid 'sludge' represents a sign that microbial invasion of the amniotic cavity and an inflammatory process are in progress. Such an interpretation supports the view that intra-amniotic infection is chronic and subclinical in nature. The observation that the shorter the cervical length, the greater the likelihood of amniotic fluid 'sludge'3, has been interpreted as an indication that intraamniotic infection/inflammation will eventually lead to a short cervix. Alternatively, patients with a short cervix may be at particularly high risk of developing an ascending infection13. It is possible that effacement leading to a short distance between the ectocervix and the membranes may disrupt the mucus plug and impair other components of the innate and/or adaptive immunity in the lower genital tract. Indeed, we have frequently observed that the mucus plug is disrupted or partially expelled in cases with a short cervix and 'sludge'. Cervical length may be an important component of innate immunity by separating the microbial population normally present in the vagina and ectocervix from the chorioamniotic membranes. Thus, cervical shortening alone may predispose to intrauterine infection13,14. In addition, the mucus plug is a mechanical as well as a biochemical barrier to infection15−20. In fact, cervical mucus has antimicrobial properties16, 18−20 and the endocervical epithelium can produce antimicrobial peptides17. Thus, loss or disruption of the mucus plug because of cervical shortening may also predispose to intrauterine infection. Microorganisms have the capacity to cross intact membranes21, 22 and, therefore, if a large dose of microorganisms reaches the membranes, the risk of infection may increase. A major question is whether bacteria in the amniotic fluid are in planktonic form (single cells), organized in biofilms or both. In the context of microbial invasion, the host (mother and/or fetus) mounts an inflammatory response to protect her/himself. This process involves the delivery of inflammatory cells (e.g. neutrophils, monocytes) to the site of microbial invasion as well as the production of antimicrobial peptides and other mediators which can kill or injure bacteria. In turn, bacteria can protect themselves from the host response by changing their phenotype, aggregating themselves in building-like structures called 'bacterial biofilms' and generating a matrix to maintain them23−25. Biofilms make bacteria more resistant to the attack of white blood cells, natural or synthetic antibiotics and inflammatory mediators23−26. We have proposed that bacteria in the amniotic fluid, which contains natural antimicrobial peptides such as defensins27−29, can generate biofilms1. Such biofilms have been demonstrated in patients with similar sonographic images (particulate matter) in the biliary tract30−32. Bacteria in biofilms are less likely to elicit an inflammatory response33,34. Thus, the formation of biofilms in the amniotic cavity and/or membranes has important implications and would explain, in part, why intra-amniotic infection is chronic in nature. It could also explain why intra-amniotic infections are difficult to treat, since bacteria in biofilms are relatively resistant to antibiotic treatment24−26,35,36. The relative proportions of bacteria in planktonic form and those in a biofilm state may determine the probability of obtaining a positive culture of amniotic fluid. Planktonic bacteria are more likely to grow in culture than are bacteria in biofilm24, a finding that is well established in otitis media37,38.Many cases of otitis media with negative microbial cultures were attributed to viruses or non-microbial processes until the recent development of molecular microbiological techniques39,40 that allow the detection of bacteria using cultivation-independent methods41,42. The relative proportions of planktonic and biofilms will also determine, in part, the magnitude of the inflammatory response and even pregnancy outcome. Planktonic bacteria are more effective at eliciting an intense inflammatory response than are bacteria in biofilm33,34. Other factors determining the intensity of the inflammatory response are under genetic control; in the case of pregnancy, the genome of the fetus and/or the mother may play a role. It is becoming increasingly clear that the uterine cavity in the nonpregnant state is not sterile43; microorganisms are normally present on the surface of the endometrium44−46 and biofilms47−49 have been reported in these locations. Thus, a critical question is: why do bacteria in the endometrium elicit an inflammatory response which can lead to spontaneous miscarriage or preterm birth in some cases, while in others, bacteria and the host develop a pacific coexistence? We believe that the traditional view that the pregnant endometrium (decidua) is sterile also needs revision. It is likely that microorganisms are present at the time of implantation and that they remain on the surface of the endometrial cavity during the first trimester when fusion of the deciduas (capsularis and parietalis) occurs. The presence of bacteria on the endometrial surface may even be important in maintaining the local immunological state required for successful implantation. Only when commensal flora becomes invasive will pathological inflammation occur. Under these circumstances, implantation failure, spontaneous miscarriage, cervical insufficiency, preterm PROM and spontaneous preterm labor with intact membranes may occur43. In conclusion, we provide evidence that amniotic fluid 'sludge' detected by ultrasound reflects a severe intraamniotic infection-related inflammatory process. Such a complication of pregnancy may be subclinical and may not be detected without careful examination of the amniotic fluid. Rendered three-dimensional transvaginal ultrasound image demonstrating the presence of amniotic fluid 'sludge' in close proximity to the cervix. Two-dimensional ultrasound image showing amniotic fluid 'sludge' in a patient with a short cervix and a cervical funnel. acute necrotizing chorioamnionitis (Figure 5a ) and acute funisitis (Figure 5b ). The newborn was admitted to the neonatal intensive care unit and developed metabolic acidosis and respiratory distress syndrome that resolved in the first week of postnatal life. There was no evidence of pneumonia, the result of a neurosonogram was normal, andmicrobial cultures of the cerebrospinal fluid and blood were negative. However, the neonate was treated with ampicillin and gentamycin because of suspected sepsis. After 45 days, the infant was discharged home in good condition. Histological sections of (a) the fetal membranes, demonstrating marked 'acute necrotizing chorioamnionitis' and (b) the umbilical cord, showing acute funisitis.
